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(54) LIGHT-EMITTING ELEMENT FOR DISPLAY

(57) A light-emitting element for a display according
to one embodiment comprises: a first LED lamination; a
second LED lamination; a third LED lamination; a first
transparent electrode interposed between the first LED
lamination and the second LED lamination and being in
ohmic contact with the lower surface of the first LED lam-
ination; a second transparent electrode interposed be-
tween the first LED lamination and the second LED lam-
ination and being in ohmic contact with the upper surface
of the second LED lamination; a third transparent elec-

trode interposed between the second LED lamination
and the third LED lamination and being in ohmic contact
with the upper surface of the third LED lamination; an n
electrode pad disposed on a first conductive semicon-
ductor layer of the third LED lamination; a lower p elec-
trode pad disposed on the third transparent electrode;
and bump pads arranged on the first LED lamination,
wherein the upper surface of the n electrode pad is lo-
cated at the same height as that of the upper surface of
the lower p electrode pad.
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Description

[Technical field]

[0001] Exemplary embodiments relate to a light emit-
ting device for a display and a display apparatus, and,
more particularly, to a light emitting device having a stack
structure of a plurality of LEDs for a display, and a display
apparatus including the same.

[Related art]

[0002] As an inorganic light source, light emitting di-
odes have been used in various technical fields, such as
displays, vehicular lamps, general lighting, and the like.
With various advantages of the light emitting diodes, such
as longer lifespan, lower power consumption, and faster
response, than existing light sources, light emitting di-
odes have been replacing the existing light sources.
[0003] Light emitting diodes have been generally used
as backlight light sources in display apparatuses. How-
ever, LED displays that directly realize images using the
light emitting diodes have been recently developed.
[0004] In general, a display apparatus displays various
colors through mixture of blue, green, and red light. In
order to realize various images, the display apparatus
includes a plurality of pixels, each including sub-pixels
corresponding to one of blue, green, and red light. As
such, a color of a certain pixel is typically determined
based on the colors of the sub-pixels, so that images can
be realized through the combination of such pixels.
[0005] Since LEDs can emit various colors depending
upon materials thereof, individual LED chips emitting
blue, green and red light may be arranged on a two-di-
mensional plane to provide a display apparatus. Howev-
er, when one LED chip is provided to each sub-pixel, the
number of LED chips may be increased, which may re-
quire excessive time for a mounting process during man-
ufacture.
[0006] Moreover, since the sub-pixels are arranged on
the two-dimensional plane in the display apparatus, a
relatively large area is occupied by one pixel that includes
the sub-pixels for blue, green, and red light. Thus, an
area of each subpixel must be reduced in order to arrange
the subpixels in a restricted area. However, reduction in
the area of the LED chip may cause difficulties in mount-
ing the LED chip and reduction in a luminous area.

[Disclosure]

[Technical Problem]

[0007] Exemplary embodiments provide a light emit-
ting device for a display that is capable of increasing an
area of each sub-pixel in a restricted pixel area and a
display apparatus including the same.
[0008] Exemplary embodiments also provide a light
emitting device for a display that is capable of reducing

a time associated with a mounting process and a display
apparatus including the same.
[0009] Exemplary embodiments further provide a light
emitting device for a display that is capable of increasing
the production yield and a display apparatus including
the same.

[Technical Solution]

[0010] An exemplary embodiment of the present dis-
closure provides a light emitting device for a display in-
cluding: a first LED stack; a second LED stack disposed
under the first LED stack; a third LED stack disposed
under the second LED stack; a first transparent electrode
interposed between the first LED stack and the second
LED stack, and being in ohmic contact with a lower sur-
face of the first LED stack; a second transparent elec-
trode interposed between the first LED stack and the sec-
ond LED stack, and being in ohmic contact with an upper
surface of the second LED stack; a third transparent elec-
trode interposed between the second LED stack and the
third LED stack, and being in ohmic contact with an upper
surface of the third LED stack; an n electrode pad dis-
posed on a first conductivity type semiconductor layer of
the third LED stack; a lower p electrode pad disposed on
the third transparent electrode; and bump pads disposed
on the first LED stack, wherein each of the first to third
LED stacks includes a first conductivity type semicon-
ductor layer, an active layer and a second conductivity
type semiconductor layer, the bump pads include first to
third bump pads and common bump pads, wherein the
common bump pad is commonly electrically connected
to the first to third LED stacks, the first to third bump pads
are electrically connected to the first to third LED stacks,
respectively, and an upper surface of the n electrode pad
is located at the same elevation as that of the lower p
electrode pad.
[0011] An exemplary embodiment of the present dis-
closure provides a light emitting device for a display in-
cluding: a first LED stack; a second LED stack disposed
under the first LED stack; a third LED stack disposed
under the second LED stack; a first transparent electrode
interposed between the first LED stack and the second
LED stack, and being in ohmic contact with a lower sur-
face of the first LED stack; a second transparent elec-
trode interposed between the first LED stack and the sec-
ond LED stack, and being in ohmic contact with an upper
surface of the second LED stack; a third transparent elec-
trode interposed between the second LED stack and the
third LED stack, and being in ohmic contact with an upper
surface of the third LED stack; bump pads disposed on
the first LED stack, wherein each of the first to third LED
stacks includes a first conductivity type semiconductor
layer, an active layer and a second conductivity type sem-
iconductor layer, and at least one of the first to third trans-
parent electrodes is recessed from an edge of the second
conductivity type semiconductor layer of the first to third
LED stacks.
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[0012] Embodiments of the present disclosure provide
a display apparatus including: a circuit board; and a plu-
rality of light emitting devices arranged on the circuit
board, wherein each of the light emitting devices is the
light emitting device set forth above, and the electrode
pads are electrically connected to the circuit board.

[Description of Drawings]

[0013]

FIG. 1 shows schematic perspective views illustrat-
ing display apparatuses according to exemplary em-
bodiments.
FIG. 2 is a schematic plan view illustrating a display
panel according to an exemplary embodiment.
FIG. 3A is a schematic plan view illustrating a light
emitting device according to an exemplary embodi-
ment.
FIG. 3B, FIG. 3C, and 3D are schematic cross-sec-
tional views taken along the lines A-A’, B-B’, and C-
C’ of FIG. 3A, respectively.
FIG. 4A, FIG. 4B, and FIG. 4C are schematic cross-
sectional views illustrating first, second, and third
LED stacks grown on a growth substrate, respec-
tively, according to an exemplary embodiment.
FIGS. 5A, 5B, 5C, 5D, 6A, 6B, 6C, 6D, 7A, 7B, 7C,
7D, 8A, 8B, 8C, 8D, 9A, 9B, 9C, 9D, 10A, 10B, 10C,
10D, 11A, 11B, 11C, 11D, 12A, 12B, 12C, 12D, 13A,
13B, 13C and 13D are schematic plan views and
cross-sectional views illustrating a method of man-
ufacturing a light emitting device for a display ac-
cording to an exemplary embodiment.
FIG. 14 is a schematic cross-sectional view illustrat-
ing a light emitting device mounted on a circuit board
according to an exemplary embodiment.
FIG. 15A, FIG. 15B, and FIG. 15C are schematic
cross-sectional views illustrating a method of trans-
ferring a light emitting device to a circuit board ac-
cording to an exemplary embodiment.

[Best Mode]

[0014] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the ac-
companying drawings. The following embodiments are
provided by way of example so as to fully convey the
spirit of the present disclosure to those skilled in the art
to which the present disclosure pertains. Accordingly, the
present disclosure is not limited to the embodiments dis-
closed herein and can also be implemented in different
forms. In the drawings, widths, lengths, thicknesses, and
the like of elements can be exaggerated for clarity and
descriptive purposes. When an element or layer is re-
ferred to as being "disposed above" or "disposed on" an-
other element or layer, it can be directly "disposed above"
or "disposed on" the other element or layer or intervening
elements or layers can be present. Throughout the spec-

ification, like reference numerals denote like elements
having the same or similar functions.
[0015] A light emitting device for a display according
to one embodiment of the present disclosure includes: a
first LED stack; a second LED stack disposed under the
first LED stack; a third LED stack disposed under the
second LED stack; a first transparent electrode inter-
posed between the first LED stack and the second LED
stack, and being in ohmic contact with a lower surface
of the first LED stack; a second transparent electrode
interposed between the first LED stack and the second
LED stack, and being in ohmic contact with an upper
surface of the second LED stack; a third transparent elec-
trode interposed between the second LED stack and the
third LED stack, and being in ohmic contact with an upper
surface of the third LED stack; an n electrode pad dis-
posed on a first conductivity type semiconductor layer of
the third LED stack; a lower p electrode pad disposed on
the third transparent electrode; and bump pads disposed
on the first LED stack, wherein each of the first to third
LED stacks includes a first conductivity type semicon-
ductor layer, an active layer and a second conductivity
type semiconductor layer, the bump pads include first to
third bump pads and common bump pads, wherein the
common bump pad is commonly electrically connected
to the first to third LED stacks, the first to third bump pads
are electrically connected to the first to third LED stacks,
respectively, and an upper surface of the n electrode pad
is located at the same elevation as that of the lower p
electrode pad.
[0016] In the present specification, it is described for
convenience of description that the second LED stack is
disposed under the first LED stack, and the third LED
stack is disposed under the second LED stack, but the
light emitting device may be flip-bonded. Therefore, it
should be noted that upper and lower positions of these
first to third LED stacks may be reversed.
[0017] With the structure where the first to third LED
stacks are stacked one above another, the light emitting
device may increase a luminous area of each subpixel
without increasing a pixel area.
[0018] Furthermore, the upper surface of the n elec-
trode pad is set to be located at the same elevation as
that of the lower p electrode pad, and thus damage to
any one of these pads may be prevented.
[0019] In one embodiment, the first LED stack may
emit light having a longer wavelength than that of the
second LED stack, and the second LED stack may emit
light having a longer wavelength than that of the third
LED stack. For example, the first, second and third LED
stacks may emit red light, green light and blue light, re-
spectively. In another embodiment, the first LED stack
may emit light having a longer wavelength than that of
the third LED stack, and the second LED stack may emit
light having a shorter wavelength than that of the third
LED stack. For example, the first, second and third LED
stacks may emit red light, blue light and green light, re-
spectively.
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[0020] Meanwhile, the first to third LED stacks may be
independently driven, light generated from the first LED
stack may be emitted outside through the second LED
stack and the third LED stack, and light generated from
the second LED stack may be emitted outside through
the third LED stack.
[0021] In one embodiment, any one of the first to third
transparent electrodes may be formed of a material dif-
ferent from the remaining transparent electrodes. For ex-
ample, the first transparent electrode may be formed of
indium-tin-oxide (ITO), and the second and third trans-
parent electrodes may be formed of ZnO.
[0022] Meanwhile, each of the first to third transparent
electrodes may contact the second conductivity type
semiconductor layer, and the second and third transpar-
ent electrodes may be recessed to have a smaller area
than that of the second conductivity type semiconductor
layer of the second LED stack and that of the second
conductivity type semiconductor layer of the third LED
stack, respectively.
[0023] The second and third transparent electrodes
are recessed, and thus they may be prevented from being
damaged by etching gas during the manufacturing proc-
ess.
[0024] Further, the common bump pad may be com-
monly electrically connected to first conductivity type
semiconductor layers of the first to third LED stacks,
wherein the first to third bump pads may be electrically
connected to second conductivity type semiconductor
layers of first to third LED stacks, respectively. However,
the present disclosure is not limited thereto, the common
bump pad may be commonly electrically connected to
the second conductivity type semiconductor layers of the
first to third LED stacks, and the first to third bump pads
may be electrically connected to the first conductivity type
semiconductor layers of the third LED stacks, respec-
tively.
[0025] Meanwhile, the light emitting device may further
include an insulation layer covering side surfaces of the
first to third LED stacks, wherein the side surfaces of the
first to third LED stacks and a side surface of the first
transparent electrode may be in contact with the insula-
tion layer, and side surfaces of the second and third trans-
parent electrodes may be spaced apart from the insula-
tion layer.
[0026] Side surfaces of the light emitting device may
be inclined at a range of 75 degrees to 90 degrees with
respect to the upper surface of the third LED stack. The
inclination angle of the side surfaces of the light emitting
device is set to 75 degrees or more, and thus a luminous
area of the first LED stack may be secured.
[0027] In addition, the light emitting device may further
include a first bonding layer interposed between the sec-
ond LED stack and the third LED stack; and a second
bonding layer interposed between the first LED stack and
the second LED stack.
[0028] In addition, the light emitting device may further
include lower through holes passing through the second

LED stack and the first bonding layer to expose the n
electrode pad and the lower p electrode pad, respective-
ly; a lower common connector connected to the n elec-
trode pad; and a lower p connector connected to the lower
p electrode pad, wherein the lower common connector
may be electrically connected to the first conductivity type
semiconductor layer of the LED stack, and connected to
the n electrode pad exposed through the lower through
hole, and the lower p connector may be electrically con-
nected to the lower p electrode pad exposed through the
lower through hole.
[0029] Moreover, the light emitting device may further
include an upper p electrode pad which is disposed on
the second transparent electrode and electrically con-
nected to the second conductivity type semiconductor
layer of the second LED stack.
[0030] Furthermore, the light emitting device may fur-
ther include a through hole passing through the first LED
stack to expose the first transparent electrode; through
holes passing through the first LED stack, the first trans-
parent electrode and the second bonding layer to expose
the upper p electrode pad, the lower p connector, and
the lower common connector, respectively; and first to
third upper connectors and an upper common connector
disposed on the first LED stack, and electrically connect-
ed to the first transparent electrode, the upper p electrode
pad, the lower p connector, and the lower common con-
nector through through holes passing through the first
LED stack, wherein the bump pads may be disposed on
the first to third upper connectors and the upper common
connector, respectively.
[0031] In one embodiment, the bump pads may be lo-
cated on flat portions of the first to third upper connectors
and the upper common connector, respectively.
[0032] In addition, the light emitting device may further
include an upper insulation layer covering the first to third
upper connectors and the upper common connector,
wherein the upper insulation layer may have openings
exposing the first to third upper connectors and the upper
common connector, and each of the bump pads may be
disposed in the openings.
[0033] Furthermore, the light emitting device may fur-
ther include an intermediate insulation layer disposed be-
tween the first LED stack and the upper connectors,
wherein the intermediate insulation layer may cover a
side surface of the light emitting device and a sidewall of
the through hole passing through the first LED stack, and
may include openings exposing the first transparent elec-
trode, the upper p electrode pad, the lower p connector,
and the lower common connector.
[0034] In this disclosure, the first to third LED stacks
may be stacks separated from a growth substrate. The
light emitting device does not have the growth substrate.
[0035] A light emitting device for a display according
to another embodiment of the present disclosure may
include: a first LED stack; a second LED stack disposed
under the first LED stack; a third LED stack disposed
under the second LED stack; a first transparent electrode
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interposed between the first LED stack and the second
LED stack, and being in ohmic contact with a lower sur-
face of the first LED stack; a second transparent elec-
trode interposed between the first LED stack and the sec-
ond LED stack, and being in ohmic contact with an upper
surface of the second LED stack; a third transparent elec-
trode interposed between the second LED stack and the
third LED stack, and being in ohmic contact with an upper
surface of the third LED stack; bump pads disposed on
the first LED stack, wherein each of the first to third LED
stacks may include a first conductivity type semiconduc-
tor layer, an active layer and a second conductivity type
semiconductor layer, and at least one of the first to third
transparent electrodes may be recessed from an edge
of the second conductivity type semiconductor layer of
the first to third LED stacks.
[0036] Furthermore, the light emitting device may fur-
ther include an n electrode pad disposed on the first con-
ductivity type semiconductor layer of the third LED stack;
a lower p electrode pad disposed on the third transparent
electrode, wherein an upper surface of the n electrode
pad may be located at the same elevation as that of the
lower p electrode pad.
[0037] A display apparatus in accordance with one em-
bodiment of the present disclosure includes: a circuit
board; and a plurality of light emitting devices arranged
on the circuit board, wherein each of the light emitting
devices is the light emitting device set forth above and
the bump pads are electrically connected to the circuit
board.
[0038] Hereinafter, exemplary embodiments of the in-
ventive concepts will be described in detail with reference
to the accompanying drawings.
[0039] FIG. 1 shows schematic perspective views il-
lustrating display apparatuses according to exemplary
embodiments.
[0040] The display apparatus according to exemplary
embodiments may be used in a VR display apparatus,
such as a smart watch 1000a or a VR headset 1000b, or
an AR display apparatus, such as augmented reality
glasses 1000c. However, the inventive concepts are not
limited thereto. The display apparatus may include a dis-
play panel for implementing an image.
[0041] FIG. 2 is a schematic plan view illustrating the
display panel according to an exemplary embodiment.
[0042] Referring to FIG. 2, the display panel includes
a circuit board 101 and light emitting devices 100.
[0043] The circuit board 101 may include a circuit for
passive matrix driving or active matrix driving. In an ex-
emplary embodiment, the circuit board 101 may include
interconnection lines and resistors. In another exemplary
embodiment, the circuit board 101 may include intercon-
nection lines, transistors, and capacitors. The circuit
board 101 may also have pads disposed on an upper
surface thereof to allow electrical connection to the circuit
therein.
[0044] A plurality of light emitting devices 100 are ar-
ranged on the circuit board 101. Each of the light emitting

devices 100 may form one pixel. The light emitting device
100 includes bump pads 73, and the bump pads 73 are
electrically connected to the circuit board 101. For exam-
ple, the bump pads 73 may be bonded to pads exposed
on the circuit board 101.
[0045] An interval between the light emitting devices
100 may be greater than at least a width of the light emit-
ting device 100.
[0046] A configuration of the light emitting device 100
according to an exemplary embodiment will be described
with reference to FIG. 3A, FIG. 3B, FIG. 3C, and FIG.
3D. FIG. 3A is a schematic plan view illustrating the light
emitting device 100 according to an exemplary embodi-
ment. FIG. 3B, FIG. 3C, and 3D are schematic cross-
sectional views taken along the lines A-A’, B-B’, and C-
C’ of FIG. 3A, respectively. Hereinafter, although the
bump pads 73r, 73b, 73g, and 73c are exemplarily illus-
trated and described as being disposed at an upper side
in FIG. 3A to FIG. 3D, the inventive concepts are not
limited thereto. For example, in some exemplary embod-
iments, the light emitting device 100 may be flip-bonded
on the circuit board 101 shown in FIG. 2, and in this case,
the bump pads 73r, 73b, 73g, and 73c may be disposed
at a lower side.
[0047] Referring to FIG. 3A, FIG. 3B, FIG. 3C and FIG.
3D, the light emitting device 100 may include a first LED
stack 23, a second LED stack 33, a third LED stack 43,
a first transparent electrode 25, a second transparent
electrode 35, a third transparent electrode 45, an n-elec-
trode pad 47a, a lower p-electrode pad 47b, an upper p-
electrode pad 53g, a lower p-connector 53b, a lower com-
mon connector 53c, an upper common connector 63c, a
first upper connector 63r, a second upper connector 63g,
a third upper connector 63b, a first bonding layer 49, a
second bonding layer 59, a lower insulation layer 51, an
intermediate insulation layer 61, an upper insulation layer
71, and bump pads 73a, 73b, 73c, and 73d. The light
emitting device 100 may further include through holes
23h1, 23h2, 23h3, and 23h4 passing through the first
LED stack 23, and through holes 33h1 and 33h2 passing
through the second LED stack 33.
[0048] As shown in FIG. 3B, the first, second, and third
LED stacks 23, 33, and 43 according to an exemplary
embodiment are stacked in the vertical direction. The
first, second, and third LED stacks 23, 33, and 43 may
be grown on different growth substrates from each other,
and according to the illustrated exemplary embodiment,
each of the growth substrates may be removed from the
final light emitting device 100. As such, the light emitting
device 100 does not include the growth substrates of the
first, second, and third LED stacks 23, 33, and 43. How-
ever, the inventive concepts are not limited thereto, and
in some exemplary embodiments, at least one of the
growth substrates may be included in the light emitting
device 100.
[0049] Each of the first LED stack 23, the second LED
stack 33 and the third LED stack 43 includes a first con-
ductivity type semiconductor layer 23a, 33a, or 43a, a
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second conductivity type semiconductor layer 23b, 33b,
or 43b, and an active layer interposed therebetween. The
active layer may have a multiple quantum well structure,
for example.
[0050] The second LED stack 33 is disposed under the
first LED stack 23, and the third LED stack 43 is disposed
under the second LED stack 33. Light generated in the
first to third LED stacks 23, 33, and 43 may be emitted
to the outside through the third LED stack 43.
[0051] In an exemplary embodiment, the first LED
stack 23 may emit light having a longer wavelength than
those emitted from the second and third LED stacks 33
and 43, and the second LED stack 33 may emit light
having a longer wavelength than that emitted from the
third LED stack 43. For example, the first LED stack 23
may be an inorganic light emitting diode emitting red light,
the second LED stack 33 may be an inorganic light emit-
ting diode emitting green light, and the third LED stack
43 may be an inorganic light emitting diode to emitting
blue light. For example, the first LED stack 23 may include
an AlGaInP-based well layer, the second LED stack 33
may include an AlGaInP or AlGaInN-based well layer,
and the third LED stack 43 may include an AlGaInN-
based well layer.
[0052] Since the first LED stack 23 emits light having
a longer wavelength than those emitted from the second
and third LED stacks 33 and 43, light generated from the
first LED stack 23 may be emitted to the outside after
passing through the second and third LED stacks 33 and
43. In addition, since the second LED stack 33 emits light
having a longer wavelength than that of emitted from the
third LED stack 43, light generated from the second LED
stack 33 may be emitted to the outside after passing
through the third LED stack 43.
[0053] In another exemplary embodiment, the first LED
stack 23 may emit light having a longer wavelength than
those emitted from the second and third LED stacks 33
and 43, and the second LED stack 33 may emit light
having a shorter wavelength than that emitted from the
third LED stack 43. For example, the first LED stack 23
may be an inorganic light emitting diode emitting red light,
the second LED stack 33 may be an inorganic light emit-
ting diode emitting blue light, and the third LED stack 43
may be an inorganic light emitting diode emitting green
light. For example, the first LED stack 23 may include an
AlGaInP-based well layer, the second LED stack 33 may
include an AlGaInN-based well layer, and the third LED
stack 43 may include an AlGaInP-based or AlGaInN-
based well layer.
[0054] A portion of light generated in the second LED
33 stack may be absorbed in the third LED stack 43, and
thus, luminous intensity of light emitted from the second
LED stack 33 may be relatively lower than that of light
emitted from the first or third LED stacks 23 or 43. Ac-
cordingly, a ratio of luminance intensity of light emitted
from the first to third LED stacks 23, 33, and 43 may be
controlled.
[0055] According to the illustrated exemplary embod-

iment, the first conductivity type semiconductor layer 23a,
33a or 43a of each of the LED stacks 23, 33, and 43 may
be an n-type semiconductor layer, and the second con-
ductivity type semiconductor layer 23b, 33b or 43b there-
of may be a p-type semiconductor layer. In addition, ac-
cording to the illustrated exemplary embodiment, an up-
per surface of the first LED stack 23 may be an n-type
semiconductor layer 23a, an upper surface of the second
LED stack 33 may be a p-type semiconductor layer 33b,
and an upper surface of the third LED stack 43 may be
a p-type semiconductor layer 43b. More particular, the
first LED stack 23 has a stacked sequence of semicon-
ductor layers different from those of the second and third
LED stacks 33 and 43. The semiconductor layers of the
second LED stack 33 are stacked in the same order as
the semiconductor layers of the third LED stack 43, and
thus, process stability may be enhanced, which will be
described in more detail later with reference to a manu-
facturing method.
[0056] The second LED stack 33 includes a mesa etch-
ing region, in which a portion of the second conductivity
type semiconductor layer 33b is removed to expose an
upper surface of the first conductivity type semiconductor
layer 33a. The third LED stack 43 also includes a mesa
etching region, in which a portion of the second conduc-
tivity type semiconductor layer 43b is removed to expose
an upper surface of the first conductivity type semicon-
ductor layer 43a. The first LED stack 23, however, may
not include a mesa etching region. The through holes
33h1 and 33h2 may be formed in the mesa etching re-
gions, and thus, sidewalls of the through holes 33h1 and
33h2 may have a stepped structure. In this case, since
the first LED stack 23 does not include the mesa etching
region, the through holes 23h1, 23h2, 23h3, and 23h4
may have uniformly inclined sidewalls without having
stepped sidewalls.
[0057] The third LED stack 43 according to an exem-
plary embodiment may have a flat lower surface, without
being limited thereto. For example, the third LED stack
43 may include irregularities on a surface of the first con-
ductivity type semiconductor layer 43a, and light extrac-
tion efficiency may be improved by the irregularities. The
irregularities on the surface of the first conductivity type
semiconductor layer 43a may be formed by separating
a patterned sapphire substrate or by texturing the surface
after separating the growth substrate, for example. In
some exemplary embodiments, the first conductivity type
semiconductor layer 33a of the second LED stack 33
may also have a textured surface.
[0058] The first LED stack 23, the second LED stack
33 and the third LED stack 43 according to the illustrated
exemplary embodiment may be stacked to overlap one
another, and may also have substantially the same lumi-
nous area. However, the luminous area of the first LED
stack 23 may be smaller than that of the second LED
stack 33, and the luminous area of the second LED stack
33 may be smaller than that of the third LED stack 43,
by the through holes 23h1, 23h2, 23h3, and 23h4 and
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the through holes 33h1 and 33h2. In addition, a side sur-
face of the light emitting device 100 may be inclined, such
that a width of the light emitting device 100 may be grad-
ually increasing from the first LED stack 23 to the third
LED stack 43. As such, the luminous area of the third
LED stack 43 may be larger than that of the first LED
stack 23. An inclination angle of the side surface of the
light emitting device 100 with respect to the upper surface
of the third LED stack 43 may be about 75 degrees to
about 90 degrees. When the inclination angle is less than
75 degrees, the luminous area of the first LED stack 23
may become too small, and thus, it may be difficult to
reduce a size of the light emitting device 100.
[0059] The first transparent electrode 25 is disposed
between the first LED stack 23 and the second LED stack
33. The first transparent electrode 25 is in ohmic contact
with the second conductivity type semiconductor layer
23b of the first LED stack 23, and transmits light gener-
ated by the first LED stack 23. The first transparent elec-
trode 25 may be formed using a transparent oxide layer
or a metal layer, such as indium tin oxide (ITO). The first
transparent electrode 25 may cover an entire surface of
the second conductivity type semiconductor layer 23b of
the first LED stack 23, and a side surface thereof may
be disposed in parallel with a side surface of the first LED
stack 23. More particular, the side surface of the first
transparent electrode 25 may not be covered with the
second bonding layer 59. Furthermore, the through holes
23h2, 23h3, and 23h4 may pass through the first trans-
parent electrode 25, and thus, the first transparent elec-
trode 25 may be exposed by the sidewalls of the through
holes 23h2, 23h3, and 23h4. Meanwhile, the through hole
23h1 exposes an upper surface of the first transparent
electrode 25. However, the inventive concepts are not
limited thereto, and in some exemplary embodiments,
the first transparent electrode 25 may be partially re-
moved along an edge of the first LED stack 23, and thus,
at least a portion of the side surface of the first transparent
electrode 25 may be covered with the second bonding
layer 59. In addition, when the first transparent electrode
25 is previously patterned and removed in a region where
the through holes 23h2, 23h3, and 23h4 are formed ac-
cording to other exemplary embodiments, the first trans-
parent electrode 25 may not be exposed by the sidewalls
of the through holes 23h2, 23h3, and 23h4.
[0060] A second transparent electrode 35 is in ohmic
contact with the second conductivity type semiconductor
layer 33b of the second LED stack 33. As shown in the
drawings, the second transparent electrode 35 contacts
the upper surface of the second LED stack 33 between
the first LED stack 23 and the second LED stack 33. The
second transparent electrode 35 may be formed of a met-
al layer or a conductive oxide layer that is transparent to
red light. For example, the conductive oxide layer may
include SnO2, InO2, ITO, ZnO, IZO, or the like. In partic-
ular, the second transparent electrode 35 may be formed
of ZnO, which may be formed as a single crystal on the
second LED stack 33. In this manner, the ZnO may have

favorable electrical and optical characteristics as com-
pared with the metal layer or other conductive oxide lay-
ers. In particular, ZnO has a strong bonding force to the
second LED stack 33, and remains undamaged even
when the growth substrate is separated using a laser lift-
off process during manufacture.
[0061] The second transparent electrode 35 may be
partially removed along an edge of the second LED stack
33, and, accordingly, an outer side surface of the second
transparent electrode 35 is not exposed to the outside,
but is covered with the lower insulation layer 51. In par-
ticular, the side surface of the second transparent elec-
trode 35 is recessed inwardly than that of the second
LED stack 33, and a region where the second transparent
electrode 35 is recessed is filled with the lower insulation
layer 51 and the second bonding layer 59. The second
transparent electrode 35 is also recessed near the mesa
etching region of the second LED stack 33, and the re-
cessed region is filled with the lower insulation layer 51
and the second bonding layer 59.
[0062] The third transparent electrode 45 is in ohmic
contact with the second conductivity type semiconductor
layer 43b of the third LED stack 43. The third transparent
electrode 45 may be disposed between the second LED
stack 33 and the third LED stack 43, and contacts the
upper surface of the third LED stack 43. The third trans-
parent electrode 45 may be formed of a metal layer or a
conductive oxide layer that is transparent to red light and
green light. For example, the conductive oxide layer may
include SnO2, InO2, ITO, ZnO, IZO, or the like. In partic-
ular, the third transparent electrode 45 may be formed
of ZnO, which may be formed as a single crystal on the
third LED stack 43. In this manner, the ZnO may have
favorable electrical and optical characteristics as com-
pared with the metal layer or other conductive oxide lay-
ers. In particular, ZnO has a strong bonding force to the
third LED stack 43, and remains undamaged even when
the growth substrate is separated using the laser lift-off
process during manufacture.
[0063] The third transparent electrode 45 may be par-
tially removed along an edge of the third LED stack 43,
and, accordingly, an outer side surface of the third trans-
parent electrode 45 is not exposed to the outside, but is
covered with the first bonding layer 49. In particular, the
side surface of the third transparent electrode 45 is re-
cessed inwardly than that of the third LED stack 43, and
a region where the third transparent electrode 45 is re-
cessed is filled with the first bonding layer 49. The third
transparent electrode 45 is also recessed near the mesa
etching region of the third LED stack 43, and the recessed
region is filled with the first bonding layer 49.
[0064] The second transparent electrode 35 and the
third transparent electrode 45 are recessed as described
above, and thus, the side surfaces of the second trans-
parent electrode 35 and the third transparent electrode
45 may be prevented from being exposed to an etching
gas, thereby improving the production yield of the light
emitting device 100.
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[0065] According to an exemplary embodiment, the
second transparent electrode 35 and the third transpar-
ent electrode 45 may be formed of the same kind of con-
ductive oxide layer, for example, ZnO, and the first trans-
parent electrode 25 may be formed of a different kind of
conductive oxide layer from the second and third trans-
parent electrodes 35 and 45, such as ITO. However, the
inventive concepts are not limited thereto, and each of
the first to third transparent electrodes 25, 35, and 45
may be of the same kind, or at least one may be of a
different kind.
[0066] The first to third transparent electrodes 25, 35,
and 45 may be formed using a technique, such as thermal
deposition, sputtering, sol-gel, hydrothermal synthesis,
or the like. In particular, a transparent electrode formed
through a chemically thin-film forming method, such as
hydrothermal synthesis method, may generate a porous
thin-film. In this case, voids in the porous thin-film may
improve the light extraction efficiency of the LED stack,
and may further relieve stress.
[0067] The voids may be controlled to be distributed
at locations to enhance the optical properties of the LED
stack. According to an exemplary embodiment, the voids
may be distributed generally close to a side of the second
conductivity type semiconductor layer 22b, 33b, and 43b
at one half point of the transparent electrode. The trans-
parent electrode formed through the hydrothermal syn-
thesis method may have voids and also have crystallinity,
and, in particular, may be formed of a single crystal.
[0068] According to another exemplary embodiment,
the voids may be distributed relatively uniformly over a
wide area. The transparent electrode including the voids
has an improved light extraction efficiency compared to
a transparent electrode without the voids. The transpar-
ent electrode may be, for example, a ZnO layer or a doped
ZnO layer. The doped ZnO layer may include at least
one of, for example, silver (Ag), indium (In), tin (Sn), zinc
(Zn), cadmium (Cd), gallium (Ga), aluminum (Al), mag-
nesium (Mg), titanium (Ti), molybdenum (Mo), nickel (Ni),
copper (Cu), gold (Au), platinum (Pt), rhodium (Rh), irid-
ium (Ir), ruthenium (Ru), and palladium (Pd), as a dopant.
[0069] In an exemplary embodiment, the ZnO layer
may also include a ZnO seed layer and a ZnO bulk layer.
The ZnO seed layer has a relatively continuous surface.
In addition, the ZnO seed layer and the ZnO bulk layer
form a single crystal structure. In an exemplary embod-
iment, the ZnO seed layer and the ZnO bulk layer do not
exhibit any interface between the ZnO seed layer and
the ZnO bulk layer. In an exemplary embodiment, the
ZnO seed layer has a thickness of several hundred ang-
stroms. The ZnO seed layer may have, for example, a
thickness of 200 angstroms or less. The ZnO bulk layer
may have a thickness of 1 mm or less. In an exemplary
embodiment, the ZnO bulk layer has a thickness of 8000
angstroms or less.
[0070] The n-electrode pad 47a is in ohmic contact with
the first conductivity type semiconductor layer 43a of the
third LED stack 43. The n-electrode pad 47a may be dis-

posed on the first conductivity type semiconductor layer
43a exposed through the second conductivity type sem-
iconductor layer 43b, that is, in the mesa etching region.
The n-electrode pad 47a may be formed of, for example,
Cr/Au/Ti. An upper surface of the n-electrode pad 47a
may be placed higher than that of the second conductivity
type semiconductor layer 43b, and further, higher than
that of the third transparent electrode 45. For example,
a thickness of the n-electrode pad 47a may be about 2
mm or more. The n-electrode pad 47a may have a shape
of a truncated cone, but is not limited thereto. The n-
electrode pad 47a may have various shapes, such as a
square pyramid, a cylindrical shape, or a cylindrical
shape.
[0071] The lower p-electrode pad 47b may include sub-
stantially the same material as the n-electrode pad 47a.
An upper surface of the lower p-electrode pad 47b is
located at the substantially same elevation as the n-elec-
trode pad 47a, and, accordingly, a thickness of the lower
p-electrode pad 47b may be less than that of the n-elec-
trode pad 47a. More particularly, the thickness of the low-
er p-electrode pad 47b may be approximately equal to a
thickness of a portion of the n-electrode pad 47a protrud-
ing above the second transparent electrode 45. For ex-
ample, the thickness of the lower p-electrode pad 47b
may be about 1.2 mm or less. The upper surface of the
lower p-electrode pad 47b is located at substantially the
same elevation as that of the n-electrode pad 47a, and
thus, the lower p-electrode pad 47b and the n-electrode
pad 47a may be simultaneously exposed when the
through holes 33h1 and 33h2 are formed. When the el-
evations of the n-electrode pad 47a and the lower p-elec-
trode pad 47b are different, any one of the electrode pads
may be damaged in the etching process. As such, the
elevations of the n-electrode pad 47a and the lower p-
electrode pad 47b are set to be approximately equal, and
thus, it is possible to prevent any one of the electrode
pads from being damaged during the etching process or
the like.
[0072] The first bonding layer 49 couples the second
LED stack 33 to the third LED stack 43. The first bonding
layer 49 may be disposed between the first conductivity
type semiconductor layer 33a and the third transparent
electrode 45. The first bonding layer 49 may partially con-
tact the second conductivity type semiconductor layer
43b, and may partially contact the first conductivity type
semiconductor layer 43a exposed by the mesa etching
region. In addition, the first bonding layer 49 may cover
the n-electrode pad 47a and the lower p-electrode pad
47.
[0073] The first bonding layer 49 may be formed of a
transparent organic material layer, or may be formed of
a transparent inorganic material layer. For example, the
organic material layer may include SU8, poly methyl-
methacrylate (PMMA), polyimide, parylene, benzocy-
clobutene (BCB), or the like, and the inorganic material
layer may include Al2O3, SiO2, SiNx, or the like. In addi-
tion, the first bonding layer 49 may be formed of spin-on-
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glass (SOG).
[0074] The through hole 33h1 and the through hole
33h2 pass through the second LED stack 33 and the first
bonding layer 49 to expose the n-electrode pad 47a and
the lower p-electrode pad 47b, respectively. As described
above, the through holes 33h1 and 33h2 may be formed
in the mesa etching region, and thus, the through holes
33h1 and 33h2 may have stepped sidewalls.
[0075] The lower insulation layer 51 is formed on the
second LED stack 33, and covers the second transparent
electrode 35. The lower insulation layer 51 also covers
the sidewalls of the through holes 33h1 and 33h2. The
lower insulation layer 51 may have openings 51a expos-
ing the n-electrode pad 47a, the lower p-electrode pad
47b, the first conductivity type semiconductor layer 33a,
and the second transparent electrode 35. The lower in-
sulation layer 51 may be formed of a silicon oxide film or
a silicon nitride film, and may be formed to have a thick-
ness of, for example, about 800 nm.
[0076] The lower common connector 53c may be dis-
posed on the lower insulation layer 51, and connected
to the first conductivity type semiconductor layer 33a and
the n-electrode pad 47a exposed through the openings
51a of the lower insulation layer 51. In particular, the low-
er common connector 53c is connected to the first con-
ductivity type semiconductor layer 33a in the mesa etch-
ing region of the second LED stack 33, and is connected
to the n-electrode pad 47a through the through hole 33h1.
[0077] The lower p-connector 53b may be disposed on
the lower insulation layer 51, and connected to the lower
p-electrode pad 47b exposed through the opening 51a
of the lower insulation layer 51. At least a portion of the
lower p-connector 53b is disposed on the lower insulation
layer 51.
[0078] The upper p-electrode pad 53g may be dis-
posed on the second transparent electrode 35 in the
opening 51a of the lower insulation layer 51. As shown
in FIG. 3A and FIG. 3C, the upper p-electrode pad 53g
may be disposed in the opening 51a with a narrower width
than that of the opening 51a. However, the inventive con-
cepts are not limited thereto, and in some exemplary em-
bodiments, the width of the upper p-electrode pad 53g
may be greater than that of the opening 51a, and a portion
of the upper p-electrode pad 53g may be disposed on
the lower insulation layer 51.
[0079] The lower common connector 53c, the lower p-
connector 53b, and the upper p-electrode pad 53g may
be formed together in the same process and may include
substantially the same material. For example, the lower
common connector 53c, the lower p-connector 53b, and
the upper p-electrode pad 53g may include Ni/Au/Ti, and
may be formed to have a thickness of about 2 mm.
[0080] The second bonding layer 59 couples the first
LED stack 23 to the second LED stack 33. As shown,
the second bonding layer 59 may be disposed between
the first transparent electrode 25 and the lower insulation
layer 51. The second bonding layer 59 may also cover
the lower common connector 53c, the lower p-connector

53b, and the upper p-electrode pad 53g. The second
bonding layer 59 may also partially contact the second
transparent electrode 35 exposed through the opening
51a of the lower insulation layer 51. The second bonding
layer 59 may include substantially the same material that
may form the first bonding layer 49 described above, and
thus, repeated descriptions thereof will be omitted to
avoid redundancy.
[0081] The through holes 23h1, 23h2, 23h3, and 23h4
pass through the first LED stack 23. The through hole
23h1 is formed to provide a passage for allowing electri-
cal connection to the first transparent electrode 25. In the
illustrated exemplary embodiment, the through hole 23h1
exposes the upper surface of the first transparent elec-
trode 25, and does not pass through the first transparent
electrode 25. However, the inventive concepts are not
limited thereto, and in some exemplary embodiments,
the through hole 23h1 may pass through the first trans-
parent electrode 25, as long as the through hole 23h1
provides the passage for electrical connection to the first
transparent electrode 25.
[0082] The through holes 23h2, 23h3, and 23h4 may
pass through the first LED stack 23, and may also pass
through the second bonding layer 59. The through hole
23h2 exposes the upper p-electrode pad 53g, the through
hole 23h3 exposes the lower p-connector 53b, and the
through hole 23h4 exposes the lower common connector
53c.
[0083] The through holes 23h1, 23h2, 23h3, and 23h4
may be formed by etching the first conductivity type sem-
iconductor layer 23a and the second conductivity type
semiconductor layer 23b in the same process, and thus,
the sidewalls of the through holes 23h1, 23h2, 23h3, and
23h4 may have inclined surfaces without having a
stepped structure.
[0084] The intermediate insulation layer 61 covers the
first LED stack 23, and covers the sidewalls of the through
holes 23h1, 23h2, 23h3, and 23h4. The intermediate in-
sulation layer 61 may also cover side surfaces of the first
to third LED stacks 23, 33, and 43. The intermediate in-
sulation layer 61 may be patterned to have openings 61a
exposing a bottom portion of each of the through holes
23h1, 23h2, 23h3, and 23h4. The first transparent elec-
trode 25, the upper p-electrode pad 53g, the lower p-
connector 53b, and the lower common connector 53c
may be exposed in the through holes 23h1, 23h2, 23h3,
and 23h4 by the openings 61a. Further, the intermediate
insulation layer 61 may have an opening 61b exposing
the upper surface of the first LED stack 23, that is, the
first conductivity type semiconductor layer 23a. The in-
termediate insulation layer 61 may be formed of an alu-
minum oxide film, a silicon oxide film, or a silicon nitride
film, and may be formed to have a thickness of, for ex-
ample, about 800 nm.
[0085] The first upper connector 63r, the second upper
connector 63g, the third upper connector 63b, and the
upper common connector 63c are disposed on the inter-
mediate insulation layer 61. Each of the upper connectors
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63r, 63g, 63b, and 63c is connected to the first transpar-
ent electrode 25, the upper p-electrode pad 53g, and the
lower p-connector 53b exposed through the openings
61a of the intermediate insulation layer 61, respectively.
Furthermore, the upper common connector 63c may be
connected to the first conductivity type semiconductor
layer 23a exposed to the opening 61b.
[0086] The first upper connector 63r, the second upper
connector 63g, the third upper connector 63b, and the
upper common connector 63c may be formed of sub-
stantially the same material, for example, AuGe/Ni/Au/Ti,
in the same process. In this case, AuGe may be in ohmic
contact with the first conductivity type semiconductor lay-
er 23a. AuGe may be formed to have a thickness of about
100nm, and Ni/Au/Ti may be formed to have a thickness
of about 2um. In some exemplary embodiments, AuTe
may replace AuGe.
[0087] The upper insulation layer 71 covers the inter-
mediate insulation layer 61, and covers the first upper
connector 63r, the second upper connector 63g, the third
upper connector 63b, and the upper common connector
63c. The upper insulation layer 71 may also cover the
intermediate insulation layer 61 on the side surfaces of
the first to third LED stacks 23, 33, and 43. The upper
insulation layer 71 may have openings 71a exposing the
first upper connector 63r, the second upper connector
63g, the third upper connector 63b, and the upper com-
mon connector 63c. The openings 71a of the upper in-
sulation layer 71 may be generally disposed on flat sur-
faces of the first upper connector 63r, the second upper
connector 63g, the third upper connector 63b, and the
upper common connector 63c. The upper insulation layer
71 may be formed of a silicon oxide film or a silicon nitride
film, and may be formed thinner than the intermediate
insulation layer 61, for example, about 400 nm thick.
[0088] Each of the bump pads 73r, 73g, 73b, and 73c
may be disposed on the first upper connector 63r, the
second upper connector 63g, and the third upper con-
nector 63b, and the common connector 63c in the open-
ings 71a of the upper insulation layer 71 and electrically
connected thereto.
[0089] The first bump pad 73r may be electrically con-
nected to the second conductivity type semiconductor
layer 23b of the first LED stack 23 through the first upper
connector 63r and the first transparent electrode 25.
[0090] The second bump pad 73g may be electrically
connected to the second conductivity type semiconduc-
tor layer 33b of the second LED stack 33 through the
second upper connector 63g, the upper p-electrode pad
53g, and the second transparent electrode 35.
[0091] The third bump pad 73b may be electrically con-
nected to the second conductivity type semiconductor
layer 43b of the third LED stack 43 through the third upper
connector 63b, the lower p-connector 53b, the lower p-
electrode pad 47b, and the third transparent electrode 45.
[0092] The common bump pad 73c may be electrically
connected to the first conductivity type semiconductor
layer 23a of the first LED stack 23 through the upper

common connector 63c, electrically connected to the first
conductivity type semiconductor layer 33a of the second
LED stack 33 through the lower common connector 53c,
and electrically connected to the first conductivity type
semiconductor layer 43a of the third LED stack 43
through the n-electrode pad 47a.
[0093] As such, each of the first to third bump pads
73r, 73g, and 73b may be electrically connected to the
second conductivity type semiconductor layers 23b, 33b,
and 43b of the first to third LED stacks 23, 33, and 43,
and the common bump pad 73c may be commonly elec-
trically connected to the first conductivity type semicon-
ductor layers 23a, 33a, and 43a of the first to third LED
stacks 23, 33, and 43.
[0094] The bump pads 73r, 73g, 73b, and 73c may be
disposed in the openings 71a of the upper insulation layer
71, and upper surfaces of the bump pads 73r, 73g, 73b,
and 73c may be substantially flat. The bump pads 73r,
73g, 73b, and 73c may be disposed on the flat surfaces
of the first to third upper connectors 63r, 63g, and 63b,
and the upper common connector 63c. The bump pads
73r, 73g, 73b, and 73c may be formed of Au/In. For ex-
ample, Au may be formed to have a thickness of about
3 mm, and In may be formed to have a thickness of about
1 mm. According to an exemplary embodiment, the light
emitting device 100 may be bonded to the pads on the
circuit board 101 using In. However, the inventive con-
cepts are not limited thereto, and in some exemplary em-
bodiments, the light emitting device 100 may be bonded
to the pads using Pb or AuSn of the bump pads.
[0095] In the illustrated exemplary embodiment, the
upper surfaces of the bump pads 73r, 73g, 73b, and 73c
are described and illustrated as being flat, but the inven-
tive concepts are not limited thereto. For example, in
some exemplary embodiments, the bump pads 73r, 73g,
73b, and 73c may have irregular upper surfaces, and
some of the bump pads may be disposed on the upper
insulation layer 71.
[0096] According to the illustrated exemplary embod-
iment, the first LED stack 23 is electrically connected to
the bump pads 73r and 73c, the second LED stack 33 is
electrically connected to the bump pads 73g and 73c,
and the third LED stack 43 is electrically connected to
the bump pads 73b and 73c. Accordingly, cathodes of
the first LED stack 23, the second LED stack 33, and the
third LED stack 43 are electrically connected to the com-
mon bump pad 73c, and anodes thereof are electrically
connected to the first to third bump pads 73a, 73b, and
73c, respectively. Accordingly, the first to third LED
stacks 23, 33, and 43 may be driven independently.
[0097] A structure of the light emitting device 100 will
be further described through a method of manufacturing
the light emitting device 100 described below. FIG. 4A,
FIG. 4B, and FIG. 4C are schematic cross-sectional
views illustrating the first to third LED stacks grown on
growth substrates, respectively, according to an exem-
plary embodiment.
[0098] First, referring to FIG. 4A, a first LED stack 23
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including a first conductivity type semiconductor layer
23a and a second conductivity type semiconductor layer
23b is grown on a first substrate 21. An active layer may
be interposed between the first conductivity type semi-
conductor layer 23a and the second conductivity type
semiconductor layer 23b.
[0099] The first substrate 21 may be a substrate capa-
ble of growing the first LED stack 23 thereon, such as a
GaAs substrate. The first conductivity type semiconduc-
tor layer 23a and the second conductivity type semicon-
ductor layer 23b may be formed of an AlGaInAs-based
or AlGaInP-based semiconductor layer, and the active
layer may include, for example, an AlGaInP-based well
layer. A composition ratio of AlGaInP may be determined
so that the first LED stack 23 emits red light, for example.
[0100] A first transparent electrode 25 may be formed
on the second conductivity type semiconductor layer 23b.
As described above, the first transparent electrode 25
may be formed of a metal layer or a conductive oxide
layer that transmits light generated by the first LED stack
23, for example, red light. The first transparent electrode
25 may be formed of, for example, indium-tin oxide (ITO).
[0101] Referring to FIG. 4B, a second LED stack 33
including a first conductivity type semiconductor layer
33a and a second conductivity type semiconductor layer
33b is grown on a second substrate 31. An active layer
may be interposed between the first conductivity type
semiconductor layer 33a and the second conductivity
type semiconductor layer 33b.
[0102] The second substrate 31 may be a substrate
capable of growing the second LED stack 33 thereon,
such as a sapphire substrate, a GaN substrate, or a GaAs
substrate. The first conductivity type semiconductor layer
33a and the second conductivity type semiconductor lay-
er 33b may be formed of an AlGaInAs-based or AlGaInP-
based semiconductor layer, an AlGaInN-based semicon-
ductor layer, and the active layer may include, for exam-
ple, an AlGaInP-based well layer or AlGaInN-based well
layer. A composition ratio of AlGaInP or AlGaInN may be
determined so that the second LED stack 33 emits green
light, for example.
[0103] A second transparent electrode 35 may be
formed on the second conductivity type semiconductor
layer 33b. As described above, the second transparent
electrode 35 may be formed of a metal layer or a con-
ductive oxide layer that transmits light generated by the
first LED stack 23, for example, red light. In particular,
the second transparent electrode 35 may be formed of
ZnO.
[0104] Referring to FIG. 4C, a third LED stack 43 in-
cluding a first conductivity type semiconductor layer 43a
and a second conductivity type semiconductor layer 43b
is grown on a third substrate 41. An active layer may be
interposed between the first conductivity type semicon-
ductor layer 43a and the second conductivity type sem-
iconductor layer 43b.
[0105] The third substrate 41 may be a substrate ca-
pable of growing the third LED stack 43 thereon, such

as a sapphire substrate, a SiC substrate, or a GaN sub-
strate. In an exemplary embodiment, the third substrate
41 may be a flat sapphire substrate, but may also be a
patterned sapphire substrate. The first conductivity type
semiconductor layer 43a and the second conductivity
type semiconductor layer 43b may be formed of an Al-
GaInN-based semiconductor layer, and the active layer
may include, for example, an AlGaInN-based well layer.
A composition ratio of AlGaInN may be determined so
that the third LED stack 43 emits blue light, for example.
[0106] A third transparent electrode 45 may be formed
on the second conductivity type semiconductor layer 43b.
As described above, the third transparent electrode 45
may be formed of a metal layer or a conductive oxide
layer that transmits light generated in the first and second
LED stacks 23 and 33, for example, red light and green
light. In particular, the third transparent electrode 45 may
be formed of ZnO.
[0107] The first to third LED stacks 23, 33, and 43 are
grown on the different growth substrates 21, 31, and 41,
respectively, and, accordingly, the order of the manufac-
turing process is not particularly limited.
[0108] Hereinafter, a method of manufacturing the light
emitting device 100 using first to third LED stacks 23, 33,
and 43 grown on growth substrates 21, 31, and 41 will
be described. Hereinafter, although a region of a single
light emitting device 100 will be mainly illustrated and
described, a plurality of light emitting devices 100 may
be manufactured in a batch in the same manufacturing
process using the LED stacks 23, 33, and 43 grown on
the growth substrates 21, 31, and 41.
[0109] FIGS. 5A, 5B, 5C, 5D, 6A, 6B, 6C, 6D, 7A, 7B,
7C, 7D, 8A, 8B, 8C, 8D, 9A, 9B, 9C, 9D, 10A, 10B, 10C,
10D, 11A, 11B, 11C, 11D, 12A, 12B, 12C, 12D, 13A,
13B, 13C, and 13D are schematic plan views and cross-
sectional views illustrating the method of manufacturing
the light emitting device 100 for a display according to
an exemplary embodiment of the present disclosure.
Hereinafter, the cross-sectional views are shown to cor-
respond to those shown in FIGS. 3B, 3C, and 3D, re-
spectively.
[0110] First, referring to FIG. 5A, FIG. 5B, FIG. 5C, and
FIG. 5D, the third transparent electrode 45 and the sec-
ond conductivity type semiconductor layer 43b of the third
LED stack 43 are patterned to expose the first conduc-
tivity type semiconductor layer 43a using photo and etch-
ing techniques. This process corresponds to, for exam-
ple, a mesa etching process. A photoresist pattern may
be used as an etching mask. For example, after the etch-
ing mask is formed, the third transparent electrode 45
may be etched first by a wet etching technique, and then
the second conductivity type semiconductor layer 43b
may be etched by a dry etching technique using the same
etching mask. In this manner, the third transparent elec-
trode 45 may be recessed from a mesa etching region.
FIG. 5A exemplarily shows an edge of the mesa and
does not show an edge of the third transparent electrode
45 to simplify illustrating. However, since the third trans-
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parent electrode 45 is wet etched using the same etching
mask, the edge of the third transparent electrode 45 may
also be recessed from the edge of the mesa toward an
inner side of the mesa. Since the same etching mask is
used, the number of photo processes may not be in-
creased, thereby reducing the process costs. However,
the inventive concepts are not limited thereto, and the
etching mask for etching the mesa etching process may
be different from the etching mask for etching the third
transparent electrode 45.
[0111] Subsequently, an n-electrode pad 47a and a
lower p-electrode pad 47b are formed on the first con-
ductivity type semiconductor layer 43a and the third
transparent electrode 45, respectively. The n-electrode
pad 47a and the lower p-electrode pad 47b may be
formed to have different thicknesses. In particular, an
upper surface of the n-electrode pad 47a and that of the
lower p-electrode pad 47b may be located at substantially
the same elevation.
[0112] Referring to FIG. 6A, FIG. 6B, FIG. 6C, and FIG.
6D, the second LED stack 33 shown in FIG. 4B is bonded
onto the third LED stack 43 described with reference to
FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D. The second LED
stack 33 is bonded to a temporary substrate using a tem-
porary bonding/ debonding (TBDB) technique, and the
second substrate 31 is removed from the second LED
stack 33. The second substrate 31 may be removed us-
ing, for example, a laser lift off technique. After the second
substrate 31 is removed, a roughened surface may be
formed on a surface of the first conductivity type semi-
conductor layer 33a. Thereafter, the first conductivity
type semiconductor layer 33a of the second LED stack
33 bonded to the temporary substrate may be disposed
to face the third LED stack 43 and bonded to the third
LED stack 43. The second LED stack 33 and the third
LED stack 43 are bonded to each other by a first bonding
layer 49. After bonding the second LED stack 33 to the
third LED stack 43, the temporary substrate may be re-
moved using the laser lift off technique. Accordingly, the
second LED stack 33 may be disposed on the third LED
stack 43, in which the second transparent electrode 35
may form an upper surface.
[0113] In general, when the second transparent elec-
trode 35 is formed of ITO, ITO may be peeled from the
second LED stack 33 when the second substrate 31 is
removed using the laser lift off technique. As such, when
the second substrate 31 is to be removed using the laser
lift-off technique, the second transparent electrode 35
may include ZnO, which has a favorable bonding force.
[0114] Subsequently, the second transparent elec-
trode 35 and the second conductivity type semiconductor
layer 33b are patterned to expose the first conductivity
type semiconductor layer 33a. The second transparent
electrode 35 and the second conductivity type semicon-
ductor layer 33b may be patterned by using photo and
etching techniques. This process may be performed us-
ing the wet etching and the dry etching techniques in
substantially the same manner as the mesa etching proc-

ess, during which the third transparent electrode 45 and
the second conductivity type semiconductor layer 43b
are etched as described above.
[0115] For example, after the etching mask is formed,
the second transparent electrode 35 may be etched first
by the wet etching technique, and then the second con-
ductivity type semiconductor layer 33b may be etched
by the dry etching technique using the same etching
mask. Accordingly, the second transparent electrode 35
may be recessed from the mesa etching region. FIG. 6A
exemplarily shows an edge of the mesa, and does not
show an edge of the second transparent electrode 35 to
simplify illustration. However, since the second transpar-
ent electrode 35 is wet etched using the same etching
mask, the edge of the second transparent electrode 35
may also be recessed from the edge of the mesa toward
an inner side of the mesa. In this manner, since the same
etching mask is used, the number of photo processes
may not be increased, thereby reducing the process
costs. However, the inventive concepts are not limited
thereto, and in some exemplary embodiments, the etch-
ing mask for etching the mesa etching process and the
etching mask for etching the second transparent elec-
trode 35 may be different from each other.
[0116] As shown in FIG. 6A, a mesa etching region of
the second LED stack 33 may be partially overlapped
with that of the third LED stack 43. For example, a portion
of the mesa etching region of the second LED stack 33
may be formed over the n-electrode pad 47a. In addition,
another portion of the mesa etching region thereof may
be disposed over the lower p-electrode pad 47b. In ad-
dition, a portion of the mesa etching region of the second
LED stack 33 may be disposed on the mesa region of
the third LED stack 43.
[0117] Referring to FIG. 7A, FIG. 7B, FIG. 7C, and FIG.
7D, through holes 33h1 and 33h2 passing through the
second LED stack 33 are formed. The through holes 33h1
and 33h2 pass through the first bonding layer 49 to ex-
pose the n-electrode pad 47a and the lower p-electrode
pad 47b. The through holes 33h1 and 33h2 may be
formed in the mesa etching region, and thus, a stepped
structure may be formed on sidewalls of the through holes
33h1 and 33h2.
[0118] Since the upper surfaces of the lower p-elec-
trode pad 47b and the n-electrode pad 47a are located
at substantially the same elevation, any one of the pads
may be prevented from being exposed and damaged dur-
ing the formation of the through holes 33h1 and 33h2.
[0119] Referring to FIG. 8A, FIG. 8B, FIG. 8C, and FIG.
8D, a lower insulation layer 51 is formed on the second
LED stack 33. The lower insulation layer 51 covers the
second transparent electrode 35, and covers the second
conductivity type semiconductor layer 33b. In addition,
the lower insulation layer 51 covers the sidewalls of the
through holes 33h1 and 33h2. The lower insulation layer
51 may have openings 51a exposing the second trans-
parent electrode 35, the first conductivity type semicon-
ductor layer 33a, the n-electrode pad 47a and the lower
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p-electrode pad 47b.
[0120] Subsequently, a lower common connector 53c,
a lower p-connector 53b, and an upper p-electrode pad
53g are formed on the lower insulation layer 51. The lower
common connector 53c, the lower p-connector 53b, and
the upper p-electrode pad 53g may be formed together
with the same material.
[0121] An upper p-electrode pad 53g may be disposed
on the second transparent electrode 35 exposed in the
opening 51a. The lower p-connector 53b is connected to
the lower p-electrode pad 47b exposed through the open-
ing 51a, and is also partially disposed on the lower insu-
lation layer 51. The lower common connector 53c is con-
nected to the first conductivity type semiconductor layer
33a and the n-electrode pad 47a exposed through the
openings 51a, and a portion of the lower common con-
nector 53c is disposed on the lower insulation layer 51.
[0122] Referring to FIG. 9A, FIG. 9B, FIG. 9C and FIG.
9D, the first LED stack 23 of FIG. 4A is bonded to the
second LED stack 33. The first LED stack 23 and the
second LED stack 33 may be bonded using a second
bonding layer 59, so that the first transparent electrode
25 faces the second LED stack 33. Accordingly, the sec-
ond bonding layer 59 is in contact with the first transpar-
ent electrode 25, and also is in contact with the lower
insulation layer 51, the lower p-connector 53b, the upper
p-electrode pad 53g, and the lower common connector
53c, and, further, in contact with the second transparent
electrode 35 exposed in a periphery of the lower p-con-
nector 53b. The first substrate 21 is removed from the
first LED stack 23. The first substrate 21 may be removed
using, for example, an etching technique.
[0123] Referring to FIG. 10A, FIG. 10B, FIG. 10C, and
FIG. 10D, through holes 23h1, 23h2, 23h3, and 23h4
passing through the first LED stack 23 are formed. The
through hole 23h1 exposes the first transparent electrode
25, and the through holes 23h2, 23h3, and 23h4 pass
through the second bonding layer 59 to expose the upper
p-electrode pad 53g, the lower p-connector 53b, and the
lower common connector 53c, respectively. Since the
through holes 23h1 and the through holes 23h2, 23h3,
and 23h4 have different depths, they may be formed by
different processes. Meanwhile, the through holes 23h2,
23h3, and 23h4 may be formed together in the same
process because the depths thereof are substantially the
same.
[0124] The through holes 23h1, 23h2, 23h3, and 23h4
may be formed to pass through the first LED stack 23,
and thus, sidewalls of the through holes may be formed
without steps, unlike those of the through holes 33h1 and
33h2.
[0125] Referring to FIG. 11A, FIG. 11B, FIG. 11C, and
FIG. 11D, an isolation trench is formed to define a region
of the light emitting device 100 by an isolation process.
The isolation trench may expose the third substrate 41
along peripheries of the first to third LED stacks 23, 33,
and 43. Between regions of the light emitting device, the
isolation trench may be formed by sequentially removing

the first LED stack 23, the first transparent electrode 25,
the second bonding layer 59, the lower insulation layer
51, the second LED stack 33, the first bonding layer 49,
and the third LED stack 43. The second transparent elec-
trode 35 and the third transparent electrode 45 are not
exposed during the isolation process, and thus, the sec-
ond transparent electrode 35 and the third transparent
electrode 45 may not be damaged by etching gas. When
the second and third transparent electrodes 35 and 45
are formed of ZnO, ZnO may be easily damaged by etch-
ing gas. However, according to the illustrated exemplary
embodiment, the second transparent electrode 35 and
the third transparent electrode 45 may be prevented from
being exposed to an etching gas by forming the second
and third transparent electrodes 35 and 45 to be recessed
inwardly.
[0126] In the illustrated exemplary embodiment, the
first to third LED stacks 23, 33, and 43 are described as
being sequentially patterned through the isolation proc-
ess, but the inventive concepts are not limited thereto.
For example, in some exemplary embodiments, the third
LED stack 43 may be removed in advance in a region
where the isolation trench will be formed before bonding
the second LED stack 33, or the second LED stack 33
may be removed in advance in the region in which the
isolation trench will be formed before bonding the first
LED stack 23. In this case, the region where the third
LED stack 43 is removed may be filled with the first bond-
ing layer 49, and the region where the second LED stack
33 is removed may be filled with the second bonding
layer 59. Accordingly, the second and third LED stacks
33 and 43 may not be exposed in the isolation process.
[0127] Referring to FIG. 12A, FIG. 12B, FIG. 12C, and
FIG. 12D, an intermediate insulation layer 61 is formed
on the first LED stack 23. The intermediate insulation
layer 61 may cover side surfaces of the first to third LED
stacks 23, 33, and 43, side surfaces of the first and sec-
ond bonding layers 49 and 59, a side surface of the trans-
parent electrode 25, and a side surface of the lower in-
sulation layer 51 exposed through the isolation trench.
[0128] The intermediate insulation layer 61 may also
cover sidewalls of the through holes 23h1, 23h2, 23h3,
and 23h4. However, the intermediate insulation layer 61
is patterned to have openings 61a exposing bottoms of
the through holes 23h1, 23h2, 23h3, and 23h4, and an
opening 61b exposing the first conductivity type semi-
conductor layer 23a of the first LED stack 23. The open-
ings 61a expose the first transparent electrode 25, the
upper p-electrode pad 53g, the lower p-connector 53b,
and the lower common connector 53c in the through
holes 23h1, 23h2, 23h3, and 23h4.
[0129] First to third upper connectors 63r, 63g, and
63b, and an upper common connector 63c are formed
on the intermediate insulation layer 61. The first upper
connector 63r is connected to the first transparent elec-
trode 25, the second upper connector 63g is connected
to the upper p-electrode pad 53g, and the third upper
connector 63b is connected to the lower p-connector 53b.
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The upper common connector 63c may be connected to
the lower common connector 53c.
[0130] Referring to FIG. 13A, FIG. 13B, FIG. 13C, and
FIG. 13D, an upper insulation layer 71 is formed to cover
the intermediate insulation layer 61 and the connectors
63r, 63g, 63b, and 63c. The upper insulation layer 71
may also cover the intermediate insulation layer 61 on
the side surfaces of the first to third LED stacks 23, 33,
and 43. However, the upper insulation layer 71 may be
patterned to have openings 71a exposing the first to third
upper connectors 63r, 63g, and 63b, and the upper com-
mon connector 63c.
[0131] Subsequently, bump pads 73r, 73g, 73b, and
73c are formed in the openings 71a, respectively. The
first bump pad 73r is disposed on the first upper connector
63r, the second bump pad 73g is disposed on the second
upper connector 63g, and the third bump pad 73b is dis-
posed on the third upper connector 63b. The common
bump pad 73c is disposed on the upper common con-
nector 63c.
[0132] Then, the light emitting device 100 is bonded
onto a circuit board 101 (see FIG. 14), and the third sub-
strate 41 may be separated to from the light emitting de-
vice 100. A schematic cross-sectional view of the light
emitting device 100 bonded to the circuit board 101 is
exemplarily shown in FIG. 14.
[0133] Although FIG. 14 exemplarily illustrates a single
light emitting device 100 disposed on the circuit board
101, however, a plurality of light emitting devices 100
may be mounted on the circuit board 101. Each of the
light emitting devices 100 may form one pixel capable of
emitting any one of blue light, green light, and red light,
and a plurality of pixels are arranged on the circuit board
101 to provide a display panel.
[0134] The plurality of light emitting devices 100 may
be formed on the substrate 41, and the light emitting de-
vices 100 may be transferred onto the circuit board 101
in a group, not individually. FIG. 15A, FIG. 15B, and FIG.
15C are schematic cross-sectional views illustrating a
method of transferring the light emitting device to the cir-
cuit board according to an exemplary embodiment. Here-
inafter, a method of transferring the light emitting devices
100 formed on the substrate 41 to the circuit board 101
in a group will be described.
[0135] Referring to FIG. 15A, as described above,
when the process of FIG. 13A, FIG. 13B, of FIG. 13C,
and FIG. 13D are completed, the plurality of light emitting
devices 100 are isolated from each other, and are ar-
ranged on the substrate 41 by the isolation trench.
[0136] Meanwhile, the circuit board 101 having pads
on an upper surface thereof is provided. The pads are
arranged on the circuit board 101 to correspond to loca-
tions where the pixels for a display are to be arranged.
In general, an interval between the light emitting devices
100 arranged on the substrate 41 may be more dense
than that of the pixels on the circuit board 101.
[0137] Referring to FIG. 15B, bump pads of the light
emitting devices 100 are selectively bonded to the pads

on the circuit board 101. The bump pads and the pads
may be bonded using In bonding, for example. In this
case, the light emitting devices 100 located between pixel
regions may be spaced apart from the circuit board 101,
since these light emitting devices 100 do not have pads
of the circuit board 101 to be boned to.
[0138] Subsequently, a mask 201 is disposed on the
substrate 41 and is irradiated with a laser. A light trans-
mitting region of the mask 201 is disposed to correspond
to the light emitting devices 100 bonded to the circuit
board 101, and thus, the light emitting devices 100 bond-
ed to the pads of the circuit board 101 are selectively
irradiated with the laser. Thereafter, the light emitting de-
vices 100 are transferred to the circuit board 101 by sep-
arating the light emitting devices 100 irradiated with the
laser from the substrate 41. Accordingly, the display pan-
el in which the light emitting devices 100 are arranged
on the circuit board 101 is provided. The display panel
may be mounted on various display apparatuses as de-
scribed with reference to FIG. 1.
[0139] Although some embodiments have been de-
scribed herein, it should be understood that these em-
bodiments are provided for illustration only and are not
to be construed in any way as limiting the present disclo-
sure. It should be understood that features or compo-
nents of one embodiment can also be applied to other
embodiments without departing from the spirit and scope
of the present disclosure.
[0140] The invention provides, in particular, the follow-
ing:

1. A light emitting device for a display, comprising:

a first LED stack;
a second LED stack disposed under the first
LED stack;
a third LED stack disposed under the second
LED stack;
a first transparent electrode interposed between
the first LED stack and the second LED stack,
and being in ohmic contact with a lower surface
of the first LED stack;
a second transparent electrode interposed be-
tween the first LED stack and the second LED
stack, and being in ohmic contact with an upper
surface of the second LED stack;
a third transparent electrode interposed be-
tween the second LED stack and the third LED
stack, and being in ohmic contact with an upper
surface of the third LED stack;
an n electrode pad disposed on a first conduc-
tivity type semiconductor layer of the third LED
stack;
a lower p electrode pad disposed on the third
transparent electrode; and
bump pads disposed on the first LED stack,
wherein each of the first to third LED stacks in-
cludes a first conductivity type semiconductor

25 26 



EP 4 407 697 A2

15

5

10

15

20

25

30

35

40

45

50

55

layer, an active layer and a second conductivity
type semiconductor layer,
wherein the bump pads include first to third
bump pads and common bump pads,
wherein the common bump pad is commonly
electrically connected to the first to third LED
stacks,
wherein the first to third bump pads are electri-
cally connected to the first to third LED stacks,
respectively, and
wherein an upper surface of the n electrode pad
is located at the same elevation as that of the
lower p electrode pad.

2. The light emitting device for a display of item 1,
wherein the first, second and third LED stacks emit
red light, green light and blue light, respectively.
3. The light emitting device for a display of item 1,

wherein the first to third LED stacks are inde-
pendently driven,
wherein light generated from the first LED stack
is emitted outside passing through the second
LED stack and the third LED stack, and
light generated from the second LED stack is
emitted outside passing through the third LED
stack.

4. The light emitting device for a display of item 1,
wherein any one of the first to third transparent elec-
trodes is formed of a material different from the re-
maining transparent electrodes.
5. The light emitting device for a display of item 4,
wherein the first transparent electrode is formed of
ITO, and the second and third transparent electrodes
are formed of ZnO.
6. The light emitting device for a display of item 5,

wherein each of the first to third transparent elec-
trodes contacts the second conductivity type
semiconductor layer, and
wherein the second and third transparent elec-
trodes are recessed to have a smaller area than
that of the second conductivity type semicon-
ductor layer of the second LED stack and that
of the second conductivity type semiconductor
layer of the third LED stack, respectively.

7. The light emitting device for a display of item 6,

wherein the common bump pad is commonly
electrically connected to first conductivity type
semiconductor layers of the first to third LED
stacks,
wherein the first to third bump pads are electri-
cally connected to second conductivity type
semiconductor layers of first to third LED stacks,
respectively.

8. The light emitting device for a display of item 6,
further comprising:
an insulation layer covering side surfaces of the first
to third LED stacks,
wherein the side surfaces of the first to third LED
stacks and a side surface of the first transparent elec-
trode are in contact with the insulation layer, and side
surfaces of the second and third transparent elec-
trodes are spaced apart from the insulation layer.
9. The light emitting device for a display of item 1,
wherein side surfaces of the light emitting device are
inclined at a range of 75 degrees to 90 degrees with
respect to the upper surface of the third LED stack.
10. The light emitting device for a display of item 1,
further comprising:

a first bonding layer interposed between the sec-
ond LED stack and the third LED stack; and
a second bonding layer interposed between the
first LED stack and the second LED stack.

11. The light emitting device for a display of item 10,
further comprising:

lower through holes passing through the second
LED stack and the first bonding layer to expose
the n electrode pad and the lower p electrode
pad, respectively;
a lower common connector connected to the n
electrode pad; and
a lower p connector connected to the lower p
electrode pad,
wherein the lower common connector is electri-
cally connected to the first conductivity type
semiconductor layer of the LED stack, and con-
nected to the n electrode pad exposed through
the lower through hole, and
wherein the lower p connector is electrically con-
nected to the lower p electrode pad exposed
through the lower through hole.

12. The light emitting device for a display of item 11,
further comprising:
an upper p electrode pad disposed on the second
transparent electrode and electrically connected to
the second conductivity type semiconductor layer of
the second LED stack.
13. The light emitting device for a display of item 12,
further comprising:

a through hole passing through the first LED
stack to expose the first transparent electrode;
through holes passing through the first LED
stack, the first transparent electrode and the
second bonding layer to expose the upper p
electrode pad, the lower p connector, and the
lower common connector, respectively; and
first to third upper connectors and an upper com-
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mon connector disposed on the first LED stack,
and electrically connected to the first transpar-
ent electrode, the upper p electrode pad, the
lower p connector, and the lower common con-
nector through through holes passing through
the first LED stack,
wherein the bump pads are disposed on the first
to third upper connectors and the upper common
connector, respectively.

14. The light emitting device for a display of item 13,
wherein the bump pads are located on flat portions
of the first to third upper connectors and the upper
common connector, respectively.
15. The light emitting device for a display of item 14,
further comprising:

an upper insulation layer covering the first to
third upper connectors and the upper common
connector,
wherein the upper insulation layer has openings
exposing the first to third upper connectors and
the upper common connector, and
wherein each of the bump pads is disposed in
the openings.

16. The light emitting device for a display of item 15,
further comprising:

an intermediate insulation layer disposed be-
tween the first LED stack and the upper connec-
tors,
wherein the intermediate insulation layer covers
a side surface of the light emitting device and a
sidewall of the through hole passing through the
first LED stack, and includes openings exposing
the first transparent electrode, the upper p elec-
trode pad, the lower p connector, and the lower
common connector.

17. The light emitting device for a display of item 1,
wherein the first to third LED stacks are isolated from
a growth substrate.
18. A light emitting device for a display, comprising:

a first LED stack;
a second LED stack disposed under the first
LED stack;
a third LED stack disposed under the second
LED stack;
a first transparent electrode interposed between
the first LED stack and the second LED stack,
and being in ohmic contact with a lower surface
of the first LED stack;
a second transparent electrode interposed be-
tween the first LED stack and the second LED
stack, and being in ohmic contact with an upper
surface of the second LED stack;

a third transparent electrode interposed be-
tween the second LED stack and the third LED
stack, and being in ohmic contact with an upper
surface of the third LED stack;
bump pads disposed on the first LED stack,
wherein each of the first to third LED stacks in-
cludes a first conductivity type semiconductor
layer, an active layer and a second conductivity
type semiconductor layer, and
wherein at least one of the first to third transpar-
ent electrodes is recessed from an edge of the
second conductivity type semiconductor layer
of the first to third LED stacks.

19. The light emitting device for a display of item 18,
further comprising:

an n electrode pad disposed on the first conduc-
tivity type semiconductor layer of the third LED
stack;
a lower p electrode pad disposed on the third
transparent electrode,
wherein an upper surface of the n electrode pad
is located at the same elevation as that of the
lower p electrode pad.

20. A display apparatus comprising:

a circuit board; and
a plurality of light emitting devices arranged on
the circuit board, each of the light emitting de-
vices comprising:

a first LED stack;
a second LED stack disposed under the first
LED stack;
a third LED stack disposed under the sec-
ond LED stack;
a first transparent electrode interposed be-
tween the first LED stack and the second
LED stack, and being in ohmic contact with
a lower surface of the first LED stack;
a second transparent electrode interposed
between the first LED stack and the second
LED stack, and being in ohmic contact with
an upper surface of the second LED stack;
a third transparent electrode interposed be-
tween the second LED stack and the third
LED stack, and being in ohmic contact with
an upper surface of the third LED stack;
an n electrode pad disposed on a first con-
ductivity type semiconductor layer of the
third LED stack;
a lower p electrode pad disposed on the
third transparent electrode; and
bump pads disposed on the first LED stack;
and
wherein each of the first to third LED stacks
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includes a first conductivity type semicon-
ductor layer, an active layer and a second
conductivity type semiconductor layer,
wherein the bump pads include first to third
bump pads and common bump pads,
wherein the common bump pad is common-
ly electrically connected to the first to third
LED stacks,
wherein the first to third bump pads are elec-
trically connected to the first to third LED
stacks, respectively,
wherein an upper surface of the n electrode
pad is located at the same elevation as that
of the lower p electrode pad, and
wherein the bump pads are bonded to the
circuit board.

21. A display apparatus comprising:

a circuit board; and
a plurality of light emitting devices arranged on
the circuit board, each of the light emitting de-
vices comprising:

a first LED stack;
a second LED stack disposed under the first
LED stack;
a third LED stack disposed under the sec-
ond LED stack;
a first transparent electrode interposed be-
tween the first LED stack and the second
LED stack, and being in ohmic contact with
a lower surface of the first LED stack;
a second transparent electrode interposed
between the first LED stack and the second
LED stack, and being in ohmic contact with
an upper surface of the second LED stack;
a third transparent electrode interposed be-
tween the second LED stack and the third
LED stack, and being in ohmic contact with
an upper surface of the third LED stack;
bump pads disposed on the first LED stack;
and
wherein each of the first to third LED stacks
includes a first conductivity type semicon-
ductor layer, an active layer and a second
conductivity type semiconductor layer,
wherein at least one of the first to third trans-
parent electrodes is recessed from an edge
of the second conductivity type semicon-
ductor layer of the first to third LED stacks,
and
wherein the bump pads are bonded to the
circuit board.

Claims

1. A light emitting device comprising:

a first LED stack including a first conductivity
type semiconductor layer, and active layer and
a second conductivity type semiconductor layer;
a second LED stack disposed under the first
LED stack and including a first conductivity type
semiconductor layer, and active layer and a sec-
ond conductivity type semiconductor layer;
a third LED stack disposed under the second
LED stack and including a first conductivity type
semiconductor layer, and active layer and a sec-
ond conductivity type semiconductor layer;
a first transparent electrode disposed on the
second conductivity type semiconductor layer
of the first LED stack, and being in ohmic contact
with the second conductivity type semiconduc-
tor layer of the first LED stack;
a second transparent electrode disposed on the
second conductivity type semiconductor layer
of the second LED stack, and being in ohmic
contact with the second conductivity type sem-
iconductor layer of the second LED stack;
a third transparent electrode disposed on the
second conductivity type semiconductor layer
of the third LED stack, and being in ohmic con-
tact with the second conductivity type semicon-
ductor layer of the third LED stack;
bump pads disposed on the first LED stack; and
a lower insulation layer disposed between the
first LED stack and the second LED stack,
wherein a side surface of the second transparent
electrode is recessed inwardly than that of the
second LED stack, and
wherein the lower insulation covers an outer side
surface of the second transparent electrode.

2. The light emitting device of claim 1, wherein a side
surface of the third transparent electrode is recessed
inwardly from that of the third LED stack.

3. The light emitting device of claim 1, further compris-
ing a first bonding layer disposed between the sec-
ond LED stack and the third LED stack.

4. The light emitting device of claim 3, wherein the first
bonding layer covers an outer side of the third trans-
parent electrode.

5. The light emitting device of claim 1, wherein the first
to third LED stacks are independently driven, where-
in light generated from the first LED stack is emitted
outside passing through the second LED stack and
the third LED stack, and light generated from the
second LED stack is emitted outside passing through
the third LED stack.
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6. The light emitting device of claim 1, wherein the
bump pads comprisie a common bump pad which is
electrically connected to first conductivity type sem-
iconductor layers of the first to third LED stacks.

7. The light emitting device of claim 6, the bump pads
further comprising a first to third bump pads are elec-
trically connected to second conductivity type sem-
iconductor layers of first to third LED stacks, respec-
tively.

8. The light emitting device of claim1, further compris-
ing:

an insulation layer covering side surfaces of the
first to third LED stacks,
wherein the side surface of the first to third LED
stacks and a side surface of the first transparent
electrode are on contact with the insulation lay-
er, and
side surfaces of the second and third transpar-
ent electrodes are space apart from the insula-
tion layer.

9. The light emitting device of claim 1, wherein side
surfaces of the light emitting device are inclined at a
range of 75 degrees to 90 degrees with respect to
the upper surface of the third LED stack.

10. The light emitting device of claim 1, wherein the first,
second, and third LED stacks are isolated from a
growth substrate.

11. The light emitting device of claim 1, wherein any one
of the first to third transparent electrodes is formed
of a material different from the remaining transparent
electrode.

12. The light emitting device of claim1, wherein the sec-
ond LED stack includes a mesa etching region, in
which a portion of the second conductivity type sem-
iconductor layer is removed to expose an upper sur-
face of the first conductivity type semiconductor lay-
er.

13. The light emitting device of claim 12, wherein the
third LED stack includes a mesa etching region, in
which a portion of the second conductivity type sem-
iconductor layer is removed to expose an upper sur-
face of the first conductivity type semiconductor lay-
er.

14. The light emitting device of claim 13, wherein a mesa
etching region of the second LED stack is partially
overlapped with that of the third LED stack.

15. The light emitting device of claim 14, wherein a por-
tion of the mesa etching region of the second LED

stack is disposed on the mesa region of the third
LED stack.
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